S cm À1 at 75 C and 90% relative humidity), with an activation energy of 0.45 eV for proton conduction.
À4
S cm À1 at 75 C and 90% relative humidity), with an activation energy of 0.45 eV for proton conduction.
The mechanism of proton conduction for this molybdate material is proved to be Vehicular mechanism.
Introduction
Polyoxometalate (POM) based hybrid organic-inorganic materials are of great interest for their potential applications in a wide range of elds including fuel cells, 1 medicine, 2 photocatalysis. 3 These hybrid materials could offer a good chance to combine the unique properties of the organic and inorganic components in one single phase. And these properties of the hybrid materials depend on the connection of POMs and organic components. 4 Owing to the fact that POMs have discrete and mobile ionic structure, POMs have been regarded as attractive candidates for proton conduction.
5
Inspired by the application of proton conductors in fuel cells, a large amount and a high mobility of proton carriers are required to achieve high proton conductivity. 6 Proton transport may occur through water molecules and hydroxonium ions, which moves in the direction of the pathway. 7 In POMs based hybrid organic-inorganic materials, conductivity generally arises from guest water and coordinated water as proton donors or carriers; furthermore, it could also be caused by the characteristics of a "pseudo-liquid phase" with high proton mobility. In that context, the organic-inorganic hybrid materials as proton conductors based on POMs and organoammonium cations (OACs) are quite representative systems. 8 Therefore, the synthesis of such materials is one of the most challenging issues in synthetic chemistry. Considering that, introducing highly soluble ionic liquids to organic ligands and inorganic subunits could promote the interaction between organic and inorganic components well. 9 Ionothermal is now regarded as a more effective and environmentally friendly synthetic method to overcome the challenges.
The modern room temperature ionic liquids (RTILs) are, as the name suggests, liquid at room temperature while near room temperature ionic liquids (nRTILs) are oen dened as being liquid below a certain temperature, oen 100 C, although this varies depending on the application envisaged for the liquids. For ionothermal synthesis, nRTILs are oen dened as being liquid below about 200 C, which traditionally used in hydrothermal synthesis. RTILs show a range of properties used as media for the preparation of inorganic and inorganic-organic hybrid materials. ILs can be used as the solvent and the template to prepare many types of solid. One of the most interesting and important classes of material that has been recently developed is that of coordination polymers. A great many of the materials prepared are relatively low dimensional solids under ionothermal synthesis, and this is clearly a very ideal method for the preparation of such materials. It is clear that in these systems changing the chemistry of the solvent to ionothermal leads to great possibilities in this area.
10,11
In the planning synthesis, we introduced the efficient ionothermal reaction system to easily synthesize the rare molyb- 
Experimental

Materials and general methods
All reagents were purchased commercially and used without further purication. The organic ligand L1 was prepared based on the literature procedures. 13 Raman spectroscopy was conducted on Horiba JY LabRAM HR Evolution Raman spectrometer. The TGA and DTA spectroscopy were conducted on a TA TGAQ500. The single-crystal X-ray crystallography was conducted on BRUKER D8 Venture Single-Crystal Diffractometer. Impedance measurement of the product was performed on PARSTAT 2273 Advanced electrochemical impedance analyzer.
Preparation of (1)
A mixture of [Emim]Br (2.000 g, 10.500 mmol), Na 2 MoO 4 $2H 2 O (0.019 g, 0.08 mmol), L1 (0.002 g, 0.006 mmol) was stirred for about half an hour at room temperature. During the period, the nal pH of the mixture was adjusted to about 4 with HCl (conc.) and NaOH (solid). Then the suspension was sealed in a 23 mL Teon-lined stainless steel autoclave reactor, kept under autogenous pressure at 175 C for ve days. Aer cooling to room temperature at a rate of 10 C h
À1
, it stood for one day. Then the autoclave was opened, and the obtained brown block-shaped crystals of 1 were ltered off, washed with acetone, and dried in the air.
Preparation of (2)
A mixture of [Emim]Br (2.000 g, 10.500 mmol), Na 2 MoO 4 $2H 2 O (0.019 g, 0.08 mmol), L2 (0.003 g, 0.015 mmol) was stirred for about half an hour at room temperature. During the period, the nal pH of the mixture was adjusted to about 3.5 with HCl (conc.) and NaOH (solid). Then the suspension was sealed in a 23 mL Teon-lined stainless steel autoclave reactor, kept under autogenous pressure at 160 C for ve days. Aer cooling to room temperature at a rate of 10 C h
À1
, it stood for one day. Then the autoclave was opened, and the obtained brown block-shaped crystals of 2 were ltered off, washed with acetone, and dried in the air.
Single-crystal X-ray crystallography
Diffractive quality single crystals were mounted on a glass ber and the crystallographic data were collected at 293 (K) for 1 and 2 on a Bruker D8 venture diffract meter using graphite monochromatic Mo-Ka radiation (l ¼ 0.71073Å) and SMART CCD diffractometer. The structures of 1 and 2 were solved by the direct method and rened by the full-matrix least-squares method on F 2 using the SHELXTL-97 crystallographic soware package. 14 All non-hydrogen atoms were rened with anisotropic thermal parameters. The H atoms on the C atoms were xed in calculated positions. The detailed crystal data and structure renements for 1 and 2 were summarized in Table 1 . And the hydrogen bonding of 1 and 2 were summarized in Table 2 Fig. 1a . The ribbons dened in yz planes are one octahedral thick and n octahedral broad and then developed along y-axis. Each ribbon is sandwiched via edgesharing condensation between two identical ribbons shied along x-axis in two opposite directions with half-overlapping (Fig. 1b) . It results in stair-like layered structures in which the step widths are exactly half of those of the [Mo n O 4n+2 ] ribbons (Fig. 1b) (Fig. 1b) . These segments condense via edge-sharing to form zigzag innite (Table 2 ) with O2, which are the more nucleophilic oxide of the heptamolybdate blocks with two adjacent + HL2H + cations. At rst sight, the hydrogenbonding network in 1 matches well with the H-atom-donor and -acceptor strengths considering that, as is oen observed in such hybrid materials, the short O-H/O interactions imply the water molecule that is the strong H-atom donor and the most nucleophilic oxide of the molybdates, while longer and weaker C-H/O interactions are established with less nucleophilic oxides.
Structure description of 2
The single-crystal X-ray data reveals that 2 was crystallized in the monoclinic space group P2 1 /c. And reveal that 2 is built on Table 2 Hydrogen-bonding geometry (Å) in 1 and 2 Fig. S4 . †
Synthesis discuss
Ionothermal synthesis is the method in which ionic liquids (ILs) act as solvents, potential templates or structural directing agents in the formation of solid materials. Compared to the solvents in traditional hydro/solvothermal synthesis, ILs, as the polar solvents, possess reasonably good solubility to most of the inorganic precursors and are environmentally friendly. And it is also ionic with a range of signicant advantages, including their low vapor pressure, higher chemical and thermal stabilities, as well as their low toxicities. The advantages in the ionothermal synthesis introduced to the synthesis of the isopolymolybdatebased hybrid organic-inorganic materials are as follows: the weak coordinating ability, the good solubility and tunable acidity. In summary, all the advantages of the ionothermal synthesis may play very important parts in the synthesis of isopolymolybdate-based hybrid organic-inorganic materials. In this paper, as shown in Fig. S5 larger size organic ligand bis-(4-imidazol-1-yl-phenyl)-diazene was introduced into the ionothermal synthesis system. As a result, the n value was extended to 11 in 1. The result of the n value conrm the idea that N [Mo n O 3n+1 ] 2À blocks with the larger value of n can be obtained by using dications with larger sizes. Because the dications act as structure-directing agents for molybdate condensation in these systems, and the topology of the chained and layered molybdates should be strongly correlated to the nature of the H-bonding connected dications. 
Characterization of the Mo-POM blocks in 1 and 2 by Raman spectroscopy
The Raman spectra were measured using a LabRam HR Evolution Raman Spectrometer (Jobin-Yvon Horiba Scientic), equipped with an air cooled frequency doubled Nd:Yag 532 nm laser for excitation (1 mW). The laser was focused through a 50 objective. The scattered light was analyzed by spectrograph with holographic grating (600 g mm
À1
), and opened confocal hole (100 mm). The time of acquisition of a particular spectral window was optimised for individual sample measurements (ca. 30 s). As aforementioned, the Raman spectroscopy appears as an appropriate and powerful method to identify the nature of the Mo-POM blocks, especially for materials containing different Mo-POM isomers. Fig. 4 and 5 show a comparison between the Raman spectra of 1 and 2 in the 1100-500 and 1200-200 cm À1 range, which contains the absorption bonds relative to the mineral components. Practically, this domain may be restricted to the 900-600 cm À1 range to unambiguously and pragmatically discriminate the two octamolybdate isomers in 1 and 2.
As shown in Fig. 4 , the Raman signatures of the
blocks (n ¼ 11) in 1 are perfectly distinguishable by comparing the (Fig. 1a) . Thus, by analogy with a-MoO 3 , the strong line observed in the Raman spectra of the (Fig. 1b) 3.5. The proton conductivity study
According to the result of the thermogravimetric analysis and differential thermal analysis of 1 (as shown in Fig. S7 in ESI †), it is shown that 1 possesses high stability (thermal and solvent stability, especially in water). As well, 1 possesses layered structures with water molecules that interact with the organic ligands and the molybdates based polyanion. These structural characteristics prompted us to investigate its proton conduction properties. The homogeneous dry crystalline powder of 1 was obtained with a mortar and pestle. And then the powder was added to a standard 13.2 mm die, sandwiched between two stainless steel electrodes and pressed at 5000 kg for about 2 min; the pellet was 13.2 mm in diameter and 1.2 mm in thickness. Measurements were implemented by using an impedance and gain-phase analyzer (PARSTAT 2273, Ametek, USA), 1 Hz to 1 MHz, with a two-probe electrochemical cell and an applied ac voltage of 50 mV (unless otherwise stated). We measured the water-assisted proton conduction in 1, which operates at a low temperature (45-75 C). Among reported water-mediated molybdates-based proton-conductors, highly humid conditions (commonly near to 100% RH) are usually require. 16 Because most of these materials have poor hydrophilicity and water retention, water molecules easily desorb from them at low humidity resulting in disconnected protonconducting pathways. Avoiding this desorption and retaining efficient proton transport at low humidity is of great signi-cance for practical application.
As Fig. 6 shown, the Nyquist plots obtained under different humidity were used to determine the proton conductivity of 1 using the relation, s ¼ L/(S Â R) equation, where R is the resistance, L is the width, and S is the area of the sample plate. The electroconductibility of 1 increases with the increase of temperature under different humidity (70% RH, 80% RH, 90% RH), and the conductivity of 1 is the largest under the condition of 90% RH. The increase of the RH make water molecules be more easily up taken into the 1D hydrophilic channels, facilitating the proton transport to give larger proton conductivities. The activation energy of 1 is 0.40 eV, 0.42 eV, 0.45 eV under different humidity (90% RH, 80% RH, 70% RH), respectively, calculated by the Arrhenius equation. The electrochemical 
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Vehicular mechanism of 1 is dominant for the proton conduction under different humidity (70% RH, 80% RH, 90% RH). The reduced activation energy and the increased proton conductivity of 1 suggest the presence of continuous H-bonding networks among the L1 organic ligands and water molecules (lattice water) in the layered structures. In an appropriate range, the number of water molecules increases which come into the layered structures, with the increasing of humidity. The conductivity of the material increases with the increasing of free protons, owing to the water molecules combination with layered structures. The Vehicular mechanism is consistent with the architectural feature that a vehicular transfer mechanism is predominant, which is reasonable because of the architectural feature and the limited number of water molecules and organic ligands in the channels acting as vehicles. 22 That is, the direct diffusion of additional protons with water molecules, due to the loss of the hydrogen-bonding network from solvent water molecules. Under higher temperature and humidity, the + HL1H + ligands can be deprotonated and the protons can be incorporated by the water molecules. 
Conclusions
Two new hybrid organic-inorganic molybdates based on chained and layered have been synthesized under ionothermal conditions. It is clearly evidenced that the different N [Mo n -O 3n+1 ] 2À blocks (n ¼ 11, 4) in hybrid organic-inorganic layered molybdate materials can be easily discriminated by the Raman spectroscopy. Moreover, high proton conductivity is achieved above 2.3 Â 10 À4 S cm À1 at 75 C under 90% RH. The activation energy for proton transfer in 1 is 0.45 eV, and the proton conduction mechanism is typical vehicle mechanism. As a consequence, molybdates-based organic-inorganic hybrids with water chains and additional protons will probably become an important class of proton conductive materials in the future.
